Oleic acid (cis-9-octadecenoic acid) was converted to monocarboxylic acids and y and 8-lactones by heating at 200°C under free oxygen. The monocarboxylic acids showed a C9 acid predominance in the presence of Na-montmorillonite in contrast to a C8 acid predominance in the absence of the clay. The y-lactones showed a C6 lactone predominance in the former case and C4 and C8 lactone predominances in the latter case. Accordingly, it was postulated that the catalytic cracking of oleic acid in the presence of the clay produced mainly the C9 acid that, in turn, generated the C6 lactone by thermal oxidation.
INTRODUCTION
In the previous report (Shimoyama et al., 1991) , we showed the presence of low molecular weight monocarboxylic acids (C2-C12) and y-lac tones (C5-C12) in the Neogene sedimentary rocks in the Shinjo basin. The acids did not show even carbon-numbered predominance and were con sidered to be derived during diagenesis from biologically common molecules deposited initial ly with the sediments. In addition, these acids showed the predominance of nonanoic acid (C9) over the neighboring C8 and Clo acids. This predominance was not very intense but apparent ly distinctive and led us to conclude that the ma jor portion of the C9 acid was derived from un saturated fatty acids (higher molecular weight monocarboxylic acids) with a C-C double bond in the 9 carbon position.
It had been reported earlier that saturated and unsaturated fatty acids could be converted to lower fatty acids (monocarboxylic acids) and y and 6-lactones through oxidative degradation in laboratory heating experiments Sato, 1970 and 1971) . Therefore, we search ed for both kinds of lactones in the sediments and found the homologous series of y-lactones but no a-lactones. If the degradation took place at the early stage of sediment diagenesis, any S lactones formed probably disappeared due to their instability during subsequent diagenesis in comparison with the y-lactones.
From these findings we hypothesized that un saturated fatty acids were precursors of the monocarboxylic acids which in turn gave rise to the y-lactone homologues in the sediments.
In order to test the hypothesis, we carried out laboratory heating experiments with oleic acid (18:1;9c) under oxidative condition in the presence of a clay mineral. The monocarboxylic acids and y-lactones produced in the experiments showed similar molecular distribution patterns to those found in the sediments. We report the results of the experiments and suggest a genetic relationship in the formation of the acids and the y-lactones found in the Neogene sediments.
EXPERIMENTAL

Materials
and heating experiments Homoionic Na-montmorillonite was pre pared using Kunipia F (Kunimine Kogyo Co.) by the method used previously (Shimoyama and Ponnamperuma, 1980) . Briefly, the Kunipia F, consisting of highly pure montmorillonite, was size-fractionated to less than 2 ,um by decanta tion and treated with NaCI solution to obtain the Na+-saturated form. Excess NaCl was removed by dialysis against water. The Na-mont morillonite thus prepared was heated to 110°C for 12 h just prior to use for the removal of ad sorbed water. Oleic acid, approximately 99% pure, was ob tained from Sigma Chem. Co. and was used without further purification. Water was distilled, deionized and redistilled before use. Special grade methanol and dichioromethane were distill ed before use. Boron trifluoride in methanol (7% wt) was prepared by bubbling boron trifluoride gas through the methanol. Glass tubes and other glassware were heated at 500°C for at least 3 h to remove organic contaminants before use.
For the heating experiments, four kinds of samples were prepared: 1) oleic acid, 2) oleic acid and water, 3) oleic acid and Na-mont morillonite, 4) oleic acid, Na-montmorillonite and water. In all samples the amounts used were 25 mg oleic acid, 25 mg water and 500 mg Na montmorillonite. These samples were sealed in glass tubes under one atmospheric air pressure. The molar ratio of oleic acid to 02 in the sealed tube was approximately 1 to 1.1. These sealed samples were heated at 200°C for 6 to 96 h in an electric furnace.
Analyses
After the heating experiments, the sealed sam ple tubes were opened and extracted with 1 ml dichioromethane by sonication. This extraction was repeated four times for the sample with the clay mineral and three times for the samples without the clay. The extracted solutions were combined for each sample and adjusted to 10 ml with dichioromethane. A portion of each solution was directly exam ined by a gas chromatograph coupled to a mass spectrometer (GC/MS, Shimadzu GCMS QP 1000A) for monocarboxylic acids (C4 to n-C18) and y-lactones (C4 to C12). The GC was equipped with a FFAP bonded FS-WCOT capillary col umn (40 m x 0.25 mm i.d.). The identification and quantification of the compounds were made by GC/MS as described in the previous report (Shimoyama et al., 1991) . The present study also found several 6-lactones and several aldehydes and ketones.
Another portion of each solution was treated with boron trifluoride in methanol at 850C for 15 min to make methyl esters of oleic acid and other fatty acids for quantition. The GC column used was an OV-1 bonded FS-WCOT capillary (50 m x 0.25 mm i.d. Table 3 . Names of the compounds detected in the heating experiments are listed in Tables 1 to 4 , where the yields of the straight-chain saturated monocarboxylic acids, y-lactones, and oleic and elaidic acids (cis and trans-9-octadecenoic acids,. respectively) are shown in molar percent of the initial oleic acid. Yields of compounds In the heating of the oleic acid samples (Table 1) , and the oleic acid and water samples (Table 2) , the initial oleic acid remaining was 15 to 30%. More than 70% of the acid were con verted to other compounds most of which were not analyzed in this study. The other monocar boxylic acids detected were in the ranges of C4 to C1, and C16 to C18. Most of the C12 to C15 acids were virtually absent and could not be quantified above a significant level. The yields of individual monocarboxylic acids were at most 1.7% and their totals accounted for 6% or less. Among these compounds, the C8 acid was the most abun dant followed by the C7 and C9 acids. Gamma lactones detected were in the range of C4 to C12 with their yields of 0.1 to 0.5% relative to the in itial oleic acid. Among these compounds the C4 component was the most abundant. The total yields of the lactones were about 0.5 to 1.0%. et al. (br-C8) (br-C9) (br-C 10) (br-C11) (br-C 12) (br-C 13) (br-C 14) (br-C 15) (br-C 16) (br-C 18) On the other hand, the initial oleic acid re maining after heating was 0.2 to 0.7% in the oleic acid and Na-montmorillonite samples (Table 3 ) and the oleic acid, Na-montmorillonite and water samples (Table 4 ). The straight-chain saturated monocarboxylic acids detected were in the range of C4 to C16 as well as C18 (stearic acid) which showed the highest yield of 1 to 2%. The yields of the other acids (C4 to C16) were 0.4% or less and showed a rather smooth molecular distribution pattern with a maximum at C9 (nonanoic acid). The yields of individual y-lac tones were at most 0.2% with a maximum at C6. in the absence of the clay. These characteristics indicate that the major reaction is catalytic crack ing of the oleic acid in the presence of the clay mineral and thermal cracking in the absence of the clay. It has been known that radical isomerization is an important reaction in catalytic cracking, while the isomerization is a minor reaction in thermal cracking (Greensfelder et al., 1949) . The observation that the conversion of the oleic acid was much faster in the presence of the clay also suggests that catalytic cracking is a major reaction in this case. In the thermal cracking, oleic acid molecules become radicals, losing a hydrogen atom from one of the double-bond carbons (carbon nine or ten) by attack of radicals from prior cracking of the acid molecules.
Cleavage of a C-C bond takes place mainly at the /B-position to the radical carbon. Therefore, it is likely that the car bon ten became a radical more readily than the carbon nine in the absence of the clay mineral, since octanoic acid was more abundant than hep tanoic acid in the products.
In the catalytic cracking, C-C double-bond ) molecular distribution patterns of the saturated straight-chain y acids found in the four Shinjo sediment samples (Shimoyama et al., 1991) to b) those detected in the heating ex periments of oleic acid and Na-montmorillonite, and oleic acid, Na-montmorillonite and water at 200°C for 48 h under one atmospheric air pressure, and c) those of the y-lactones found as in the sediment samples (Shimoyama et al., 1991) to d) those detected in the heating experiments. Our heating experiments in the presence of the clay mineral produced also a-lactones as op posed to the absence of the lactones in the Neogene Shinjo sediments. These lactones are thermally less stable than y-lactones. Since the heating experiments provided free oxygen for lac tone formation, the reactions in the sediments likely took place during the early stage of diagenesis. Therefore, a-lactones were also formed but, unlike y-lactones, did not survive later diagenesis.
CONCLUSIONS
Laboratory
heating experiments of oleic acid were carried out to obtain information on the origin of monocarboxylic acids and the y-lac tones found in the Neogene sediments. Oleic acid underwent oxidative degradation to pro duce monocarboxylic acids with a C9 predominance in the presence of Na-mont morillonite with and without water. The C9 acid predominance was also observed in the sediments. The y-lactones produced show the C6 lactone predominance similarly found in the sediments. Therefore, the presence of the clay mineral in the heating experiments is important to simulate the molecular distributions of the acids and the y-lactones found in the sediments. From these results, it is postulated that the C6 y lactone was formed in the sediments from the C9 monocarboxylic acid which was derived from unsaturated monocarboxylic acids with a C-C double bond at C9.
